The chemokine CXCL13 has been identified as a diagnostic marker for early Lyme neuroborreliosis in cerebrospinal fluid (CSF) but not in serum (1) (2) (3) (4) . However, serum CXCL13 levels have been shown to be elevated in autoimmune diseases, like lupus erythematosus (5) and dermatomyositis (6) .
Patients presenting to the dermatology department with various chronic or recurrent clinical complaints may have high levels of anti-Borrelia burgdorferi (Bb) antibodies. As persistent infection of tissues with Bb is characterized by infiltration with T-and B-lymphocytes and plasma cells, leading to continuous immune activation, we investigated whether the B-cell chemokine CXCL13 could be a marker for active borrelial infection requiring treatment (4, 7) .
The aim of this study was to assess whether CXCL13 serum levels are elevated in patients with classical Lyme borreliosis (LB) and in those with persisting positive Lyme serology, compared with healthy controls and patients with dermatological diseases other than LB.
MATeriALS And MeTHodS
We prospectively analysed 80 patients with positive anti-Bb immunoglobulin M (igM)-and/or igG antibodies and various subjective symptoms of mean duration 13.5 months (median 4.5 months) and defined them as "seropositives". The symptoms were documented by a questionnaire (wandering arthralgias, myalgias or joint swelling, history of tick bite and erythema migrans (eM), flu-like symptoms, non-specific and distressing symptoms, such as tinnitus, hearing loss, difficulties concentrating, burning sensations and fatigue). in 29 of these 80 patients, all of whom had confirmed positive igG immunoblots (iB) and clinical history and complaints compatible with LB (8), treatment with doxycycline 200 mg for 30 days or intravenous ceftriaxone 2 g for 20 days was performed. nine of the 29 patients responded well to antibiotic therapy, with considerable regression of the symptoms and were classified retrospectively as confirmed LB requiring treatment.
in addition, we studied 53 patients with classical LB: 13 with physician-diagnosed eM, 10 with borrelia lymphocytoma (BL), and 30 with acrodermatitis chronica atrophicans (ACA) before antibiotic therapy. ninety-seven patients with various dermatological diagnoses were also analysed, in addition to 300 blood donors. The study was approved by the ethics committee of the Medical University of Graz.
All patients were examined for Borrelia antibodies by enzymelinked immunoassay (eLiSA) (ideiA Borrelia burgdorferi IgM/ igG oXoid, Cambridgeshire, UK) confirmed by iB (Mikrogen recomBlot BorrelianB igG and igM Mikrogen, neuried, Germany). CXCL13 was measured by eLiSA (Quantikine Human CXCL13/BLC/BCA-1 immunoassay, r&d Systems, GmbH. Wiesbaden, Germany) (1, 2). Statistical analysis was performed with the statistical software package SPSS, Version 16.0.
RESULTS
The 80 "seropositives", 96% of which were confirmed by iB, with non-specific clinical symptoms had significantly higher CXCL13 levels than blood donors (median 75.5 pg/ml compared with median 63.5 pg/ml, p = 0.001), but CXCL13 levels were not significantly higher in the 9 seropositive patients with subsiding symptoms after therapy (p = 0.135) (Fig. 1) . Within the patient group, as well as in blood donors, however, CXCL13 levels were highly variable (35-261 pg/ml in patients and range 26-500 pg/ml in blood donors). After therapy, CXCL13 concentrations of the 29 antibiotic-treated patients were reduced to a median of 65 pg/ml (p = 0.148). High antibody titres did not correlate with elevated CXCL13 levels. There was no difference in CXCL13 levels in the 4% not-confirmed "seropositives".
The highest CXCL13 concentrations were found in the serum of patients with newly diagnosed BL before therapy (500 and 125 pg/ml), but altogether in the 10 BL patients, investigated after therapy and retrospectively, this was not statistically significant. in contrast, ACA patients before therapy showed significantly elevated CXCL13 levels compared with blood donors (median 84 pg/ml, p = 0.006). CXCL13 levels were lower in the eM-group (mean 56.8; median 61 pg/ml), even lower than in blood donors (mean 76.3; median 63.5 pg/ml).
Serum CXCL13 Chemokine is Not a Marker for Active Lyme Borreliosis
The control group of 97 patients with various dermatoses had the second highest levels of CXCL13 after BL patients (mean 184 pg/ml; median 110 pg/ml) ( Table Si; available from: http://www.medicaljournals.se/acta/cont ent/?doi=10.2340/00015555-1144) and levels above 105 pg/ml in some patients with squamous cell carcinoma (1/4), basal cell carcinoma (3/7), malignant melanoma (4/16), mycosis fungoides (1/1), Merkel cell carcinoma (1/1), systemic mastocytosis (1/1), psoriasis vulgaris (3/15, especially with psoriatic arthritis), erysipelas (4/7), pityriasis rubra pilaris (1/1), pemphigus vulgaris (1/2), urticaria (1/5), and atopic dermatitis (2/3). diSCUSSion Serum CXCL13 concentration varies considerably within all investigated patient groups and blood donors.
"Seropositives" with various symptoms had statistically higher CXCL13 serum levels than blood donors, but lower levels than patients with ACA and seronegative non-LB patients. After antibiotic therapy, serum CXCL13 levels decreased in all treated patients, both with and without symptom improvement, while antibody titres showed no changes. Similarly, in a previous study, Shin et al. (9) found no difference in CXCL13 levels in synovial fluid and tissue between patients with antibiotic-responsive and antibiotic-refractory Lyme arthritis. Most of the clinical symptoms described have a high prevalence in the general population and cannot be used to differentiate between LB and non-LB patients, as has been shown previously by donta et al. (10) and Seltzer et al. (11) . on the other hand, in an Austrian study, the seropositivity rate in the local population was up to 70%, depending on age and the risk of exposure to ticks (12). The seropositive individuals investigated did not have complaints compatible with chronic LB. only in ACA, defined by high anti-Bb antibody titres with numerous bands in the igG immunoblot (13), as well as in the sera of patients with newly diagnosed BL were CXCL13 serum levels markedly higher than in blood donors, thus explaining the stronger B-cell presence. Similarly, CXCL13 has been detected in the skin of BL by quantitative reverse transcription-PCr (14). Patients with eM had low serum CXCL13 levels, as the early phase of infection is not characterized by B-cell activation, in contrast to chronic infection (15).
Since CXCL13 levels correlate with B-cell activation and were found to be elevated in patients with psoriasis vulgaris and lupus erythematosus, further studies are needed to clarify whether different CXCL13 concentrations within these control groups have clinical relevance, or whether this chemokine could be used as a new biomarker. in LB, serum CXCL13, similarly to anti-Bb antibody titres, cannot be used as a marker for disease activity or to indicate the need for antibiotic therapy. reFerenCeS
